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Zhurnal  Prlkladnoy  Mekhanlkl  1  L«  N.  Steslk 

Tekhnlcheskoy  Flzlkl  (Journal  N.  S.  Shvedova 

of  Applied  Mechanics  and  Tech¬ 
nical  Physics),  Moscow,  1964, 
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The  determination  of  the  relationship  between  the 
detonation  velocity  and  the  Initial  density  of  the  charge, 
D(f>0) ,  Is  of  practical  and  theoretical  Importance,  In  several 

papers  L1-4J,  the  experimental  function  D(p0)  Is  used  to 

determine  the  equation  for  the  state  of  gases  at  high  pres¬ 
sures,  In  particular,  when  the  equation  for  the  state  Is 
applied  in  a  covolume  trie  form  pLV  -  ct(V)J  =  nBT,  the  value 
of  the  covolume  oc(V)  can  be  determined  with  the  aid  of  the 
function  D(p0), 

Of  definite  Importance  is  to  measure  the  velocity  of 
detonation  of  condensed  explosives  with  a  charge  having  a  low 
density,  where  the  products  of  the  explosion  are  not  governed 
by  the  equation  of  the  state  of  Ideal  gases,  but  the  elastlo 
component  of  the  pressure  Is  small  oompared  to  the  total  pres¬ 
sure,  To  this  zone  correspond  pressures  resulting  from  a 
detonation  of  explosives  whose  density  Is  less  than  0,8 
grams/om3,  in  the  majority  of  oases,  however,  the  lower 
value  of  the  density  at  which  the  detonation  velocity  of 
explosives  is  determined  amounts  to  0. 5-0,6  grams/om3.  It 
Is  a  fact  that  It  Is  difficult  to  determine  the  detonation 
velocity  of  the  majority  of  explosives  at  lower  densities. 

In  our  work,  the  relationship  between  the  detonation 
velocity  and  the  density  of  explosives  was  Investigated  by 
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us ins  nitrocellulose  (13»3£  N2)  which  oan  provide  charges  of 

low  density.  Because  the  detonation  velocity  of  nitrocellulose 
was  not  Measured  before,  our  tests  included  a  wide  range  of 
densities  of  the  charge. 
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Key  to  Table  1:  (1)  g/cm^j  (2)  m/sec. 

The  charges  had  20-30  &  in  d lane ter.  The  shells  of  the 
charges  were  made  of  cellophane.  The  detonation  velocity  was 
measured  by  the  optical  method  with  the  aid  of  photorecorder. 
Each  value  of  the  density  of  a  charge  received  three  to  four 
measurements.  The  average  error  of  the  measurements  was  less 
than  l-2£. 

The  results  of  the  tests  are  shown  in  Table  1  and, 
graphically,  in  the  figure  (curve  3). 
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The  least  density  of  a  charge  amounted  to  0.13  g/cm3. 
This  Is  1  airly  close  to  the  densities  at  which  the  exploded 
products  are  governed  by  the  equation  for  the  state  of  Ideal 
gases.  It  was  Important  to  find  out  whether  the  results  of 
the  tests  will  be  In  agreement  with  the  calculated  detonation 
velocity  when  the  equation  for  the  state  of  Ideal  gases  can  be 
applied  to  the  products  of  the  detonation.  For  this,  the 
detonation  velocity  of  the  nitrocellulose  was  calculated  for 
densities  of  0.005  and  0.01  g/cm3.  The  calculated  results  are 
shown  In  Table  2  and  are  plotted  in  the  figure.  As  shown  by 
the  figure,  the  extrapolation  of  the  experimentally  determined 
function  Is  in  good  agreement  with  the  calculated  results. 

Table  2 

Results  of  Calculation  of  Detonation  Velocity 
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Key  to  Table  2:  (1)  explosive;  (2)  g/cm3;  (3)  m/seo;  (4)  atm; 

(5)  nitrocellulose;  (6)  trotyl;  (7)  tetryl;  (8)  picric  aold; 

(9)  hexogen;  (10)  "T.E.N." 

The  detonation  velocities  were  calculated  with  the  aid 
of  a  computer  by  assuming  that  a  thermodynamic  balanoe  Is 
fully  established  in  the  detonation  wave.  The  composition  of 
the  exploded  products  corresponding  to  the  balance  is  shown  In 
Table  3.  The  calculation  used  a  heat  capacity  of  605*4  Koal/kg 
for  that  of  the  nltrooellulose  (13.3$  N2).  Similar  calculations 

were  made  for  several  other  explosives.  In  all  oases,  the  den¬ 
sity  of  the  substance  was  taken  as  equal  to  0.01  g/cm3.  The 
results  of  the  calculations  are  shown  In  Table  2.  Table  2 
shows  the  detonation  velocity  D,  the  flow  velocity  of  the 
products  u,  the  pressure  £,  and  the  temperature  T  at  the  front 
of  the  detonation  wave.  The  figure  also  shows  how  the  cal¬ 
culated  results  agree  with  the  extrapolated  experimentally 
obtained  functions.  The  experimental  data  were  taken  from 
L5»  6j.  The  figure  shows  a  good  agreement  for  trotyl  (eurve  6) 
and  picric  acid  (curve  5)»  For  the  explosives  "T.E.N."  (curve  4) 
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and  hexogen ,  the  calculated  reeulta  are  aueh  lower  than  the 
extrapolated  values*  The  largest  deviation  is  observed  for 
hexogen*  This  differenoe  between  the  results  forced  us  to 
cheok  the  experimental  data  for  hexogen  with  charge-density 
of  1.0  g/oa3  and  less*  The  hexogen  used  in  our  tests  con¬ 
sisted  of  a  mixture  of  two  fractions  (50/50) *  finely  dispersed 
powder  with  particle  sizes  of  1-10  miorons  and  the  fraction  of 
plant-produced  hexogen  with  particles  measuring  less  than  150 
microns*  The  shell  of  the  oharges  was  made  of  cellophane* 

The  density  of  the  charges  varied  from  0*53-l»00  g/om3.  The 
detonation  path  was  recorded  with  the  aid  of  a  high-speed 
photoreoorder*  The  least  density  was  used  to  determine  the 
relationship  between  the  detonation  velocity  and  the  diameter 
of  the  oharge  (see  Table  4),  which  was  used  for  determining 
the  ideal  detonation  velocity  [7]* 

Table  3 

Composition  of  Products  of  Detonation  (molesAg) 


»><1) 

ro, 

CO 

11,0 

Oil 

II 

II. 

N. 

°. 

0 

XO 

M.pOliS) 

1  s.to 

15. fill 

9.15  1 

0.70 

0.50 

3.21 

4. 

.68 

I 

0.06 

1 

I  0.06 

0.11 

1  5.51 

15*83 

9.28 

0.59 

0.40 

3.18 

4. 

.69 

0.04 

!  0.04 

0.08 

.f  '""(3) 

II. oj 

-'ll.. '.8 

0.02 

j  -  ' 

0.09 

10.38 

6, 

05 

3.31 

— 

|  _ 

_ 

.  1.02 

23.34 

2.21 

0.21 

0.91 

5.92 

8. 

68 

— 

— 

0.02 

0.03 

••P  P 

1  1.81 

24.35 

2.38 

0.12 

0.40 

3.90 

6. 

54 

_ 

— 

_ 

0.02 

)  -'.SO 

10.92 

8.20 

1.02 

1.19 

3.90 

13. 

,27 

_ 

0.20 

0.25 

0.47 

« (7) 

j  <s.*t 

8.90 

1  9.78 

2.26 

0.56 

1.47 

5. 

99 

— 

1.08 

0.43 

0.66 

Key  to  Table  3:  (1)  explosive}  (2)  nitrocellulose;  (3)  trotyl; 

(4)  tetryl;  (5)  picric  acid;  (6)  hexogen;  (7)  "T.E.N." 

The  determination  of  the  ideal  velocity  resulted  in  a 
value  equal  to  4060  m/sec,  whloh  differs  by  only  1*5^  of  the 
detonation  velocity  of  a  oharge  having  30  mm  in  diameter* 
exoept  in  tests  with  densities  of  0*9  and  1.0  g/om3  whose 
oharges  had  a  diameter  of  20  mm*  The  results  of  the  tests  are 
shown  in  Table  3  and  in  the  figure  (ourve  1),  whloh  shows  that 
for  densities  below  0*8  g/ cm3  there  is  difference  between  our 
data  and  the  data  of  C 5 J •  Our  data  are  somewhat  lower*  It  is 
apparently  due  to  the  earlier  employed  shells  which  were  made 
of  glass  tubes.  At  detonation  velocities  of  less  than  5000 
m/seo,  the  shook  wave  in  glass  overtakes  the  detonation  front 
whloh  may  produoe  higher  results  in  measuring  detonation 
velocities*  For  the  new  data,  the  extrapolation  of  the  curve 
D(p0)  t°  zero  density  for  hexogen  yields  a  result  whloh  agrees 

well  with  the  oaloulatlon. 
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Table  4 

Detonation  Velocity  of  Hexogen 
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Key  to  Table  4:  (1)  g/om^;  (2)  Diane  ter  of  charge,  urns 

(3)  Detonation  velocity,  m/sec. 
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12.  SPONSORING  MILITARY  ACTIVITY 


IS  abstract 


Of  definite  importance  ie  to  measure  the  velocity  of  detonation  of 
condensed  explosives  with  a  charge  having  a  low  density,  where  the 
products  of  the  explosion  are  not  governed  by  the  equation  of  the  state 
of  ideal  gases,  but  the  elastic  component  of  the  pressure  is  small  com¬ 
pared  to  the  total  pressure.  To  this  zone  correspond  pressures  result¬ 
ing  from  a  detonation  of  explosives  whose  density  is  less  than  0.8 
grams/cm*.  In  the  majority  of  cases,  however,  the  lower  value  of  the 
density  at  which  the  detonation  velocity  of  explosives  is  determined 
amounts  to  0.5-0. 6  grams/cm3.  It  is  a  fact  that  it  is  difficult  to  de¬ 
termine  the  detonation  velocity  of  the  majority  of  explosives  at  lower 
densities . 

In  our  work,  the  relationship  between  the  detonation  velocity  and 
the  density  of  explosives  was  investigated  by  using  nitrocellulose 
(13.3%  N 2 )  which  can  provide  charges  of  low  density.  Because  the  det¬ 
onation  velocity  of  nitrocellulose  was  not  measured  before,  our  tests 
included  a  wide  range  of  densities  of  the  charge. 


.1473 


REPLACE!  DO  FORM  1471.  I  , 
OBSOLETE  FOR  ARMY  Uftl. 


UNCLASSIFIED 

Security  Classification 


Security  Classification 

14  ' 

KKV  WORDS 


Initial  density  of  charge 

Detonation  velocity 

Equation  of  state 

Gases  at  high  pressure 

Low-density  explosives 

Nitrocellulose 

Ideal  gases 

Trotyl 

Tetryl 

Picric  acid 

Hexogen 

"T.E.N. " 

Exploded  products 

Calculated  data  vs  experimental  results 


UNCLASSIFIED 


••rarity  ('Unification 


